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machine and workers, and suppressing a decrease in pro-
ductivity of the work machine. A work machine 5 includes:
an identification information recognition device 41 config-
ured to recognize identification information on a person who
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controller 7 counts the number of times the person enters the
predetermined region R as the number of approaches for
each person distinguished with the identification informa-
tion, and controls the work machine 5 based on the counted
number of approaches in accordance with the identification
information of the person who is in the predetermined region
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1
WORK MACHINE

TECHNICAL FIELD

The present invention relates to work machines such as
hydraulic excavators, bulldozers, wheel loaders, compaction
machines, and trucks.

BACKGROUND ART

Conventionally, work machines may issue an alarm or
may stop during operation when a person approaches the
work machine. Patent Literature 1, for example, proposes a
work machine that shortens an alarm or the distance to stop
the work machine if a person entering the work site is a
worker at the work site, as compared with a person who is
not a worker.

CITATION LIST
Patent Literature
Patent Literature 1: JP 2017-82430 A
SUMMARY OF INVENTION
Technical Problem

However, some workers are careful, while others are
careless. Even if careless workers are away from the work
machine, they are more likely to come into contact with the
work machine depending on their subsequent actions. In
contrast, careful workers are often safe even when they are
relatively close to the work machine.

The work machine of Patent Literature 1 issues an alarm
or controls the stopping of the work machine for all workers
based on the distance of the workers from the work machine
regardless of whether they are careless workers or careful
workers. The operator of this work machine may find such
process annoying.

Specifically, if a long distance for careless workers is
applied to this control, the control may be performed often
to careful workers also. In this case, the operator of the work
machine may feel annoyed and the productivity of the work
machine may deteriorate.

In contrast, if a short distance for careful workers is
applied, the safety management for careless workers will be
insufficient. In that case, the operator of the work machine
is required to operate the work machine while being con-
cerned about the behavior of other workers around it. As
such, this case also causes the operator of the work machine
to feel annoyed and the productivity by the work machine
may deteriorate.

In view of these points, the present invention provides a
work machine capable of eliminating the inconvenience
from the operator of the work machine while deterring a
contact between the work machine and other workers work-
ing around it, and suppressing a decrease in productivity of
the work machine.

Solution to Problem

In view of this, a work machine according to the present
invention includes: an identification information recognition
device configured to recognize identification information on
a person who enters a predetermined region around the work
machine; and a controller configured to control the work
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machine. When a person enters the predetermined region
under the condition that the work machine is ready for
operation, the controller counts the number of times the
person enters the predetermined region as the number of
approaches for each person distinguished with the identifi-
cation information, and the controller controls the work
machine based on the counted number of approaches in
accordance with the identification information of the person
who is in the predetermined region.

Advantageous Effects of Invention

When a person enters a predetermined region, the present
invention counts the number of times (number of
approaches) each person, distinguished with identification
information, entered the predetermined region. This allows
the recognition whether the person in the region R is a
careful worker or a careless worker according to the counted
number of approaches. The present invention controls the
work machine based on the counted number of approaches,
and so controls the work machine depending on whether the
worker is a careful worker or a careless worker. As such, the
present invention eliminates the inconvenience from the
operator of the work machine as much as possible while
deterring a contact between the work machine and workers,
and suppresses a decrease in productivity of the work
machine.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is one example of a side view showing a work
machine according to a first embodiment of the present
invention.

FIG. 2 is a block diagram of the work machine of FIG. 1.

FIG. 3 describes the region to be detected by an identi-
fication information recognition device of the work machine
shown in FIG. 1.

FIG. 4 is a block diagram of a controller of the work
machine of FIG. 1.

FIG. 5 is a flowchart of the process executed by a counter
shown in FIG. 4.

FIG. 6 shows the magnitude of an alarm versus the
number of approaches, set by the setting unit shown in FIG.
4.

FIG. 7 shows a modified example of the setting unit of
FIG. 6.

FIG. 8 is a block diagram of a controller of the work
machine according to a second embodiment.

FIG. 9 describes the regions set by the setting unit
according to the second embodiment.

FIG. 10 shows the number of approaches and the
approach distance versus the magnitude of alarm, set by the
setting unit shown in FIG. 9.

FIG. 11 shows a modified example of the setting unit of
FIG. 8.

FIG. 12 is a block diagram of a work machine according
to a third embodiment.

FIG. 13 is a block diagram of a controller of the work
machine of FIG. 12.

FIG. 14 shows the relationship between the reduction in
operating speed of the work machine and the number of
approaches, set by the setting unit shown in FIG. 13.

FIG. 15 is a block diagram of the controller of the work
machine according to a fourth embodiment.

FIG. 16 shows the reduction in operating speed of the
work machine versus the number of approaches and the
approach distance, set by the setting unit shown in FIG. 15.
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FIG. 17 is a block diagram of a controller of a work
machine according to a fifth embodiment.

FIG. 18 shows the relationship between the number of
approaches and whether or not to stop the operation of the
work machine, set by the setting unit shown in FIG. 17.

FIG. 19 is a block diagram of a controller of a work
machine according to a sixth embodiment.

FIG. 20 shows the number of approaches and the
approach distance versus whether or not to stop the opera-
tion of the work machine, set by the setting unit shown in
FIG. 19.

FIG. 21 is a block diagram of a controller of a work
machine according to a seventh embodiment.

FIG. 22 shows the number of approaches and the mag-
nitude of an alarm versus the number of approaches, the
reduction in operating speed of the work machine, and
whether or not to stop the operation of the work machine, set
by the setting unit shown in FIG. 21.

DESCRIPTION OF EMBODIMENTS

Referring to FIGS. 1 to 22, the following describes some
embodiments of a work machine according to the present
invention. The following describes a work machine 5
according to some embodiments of the present invention by
way of a hydraulic excavator. Note that the work machine
according to the present invention is not limited to a hydrau-
lic excavator, which may be general work machines such as
bulldozers, wheel loaders, compaction machines, and trucks.

First Embodiment

Work Machine 5

Referring first to FIGS. 1 and 2, the following describes
the work machine 5. FIG. 1 is a side view of the work
machine 5 according to a first embodiment of the present
invention, and FIG. 2 is a block diagram of the work
machine 5 of FIG. 1. As shown in FIG. 1, the work machine
5 or the hydraulic excavator includes a crawler-type lower
traveling body 51, an upper slewing body 52 mounted above
the lower traveling body 51 to be able to swivel, and a
multijoint type front working machine 53 attached to the
upper slewing body 52.

The lower traveling body 51 includes an idler 51a at the
front end, and a sprocket 515 driven by a traveling hydraulic
motor 61 (see FIG. 2) at the rear end. A link (link assembly)
51c is bridged between these idler 51a and sprocket 515, and
rollers 51d are placed between the idler 51a and the sprocket
515 to support the link 51¢. Attached to the link 51c¢ is a shoe
plate 51e that is installed on the ground. The traveling
hydraulic motor 61 is connected to the sprocket 515 of the
lower traveling body 51 via a decelerator (not shown), for
example. Driving the traveling hydraulic motor 61 rotates
the sprocket 515 of the lower traveling body 51, allowing the
work machine 5 to move on uneven ground.

The work machine 5 includes a cabin 54 on either the left
or right of the front part of the upper slewing body 52, and
includes the front working machine 53 on the right of the
cabin 54 and at the front center of the upper slewing body
52 to rotate vertically for excavation and other works. The
work machine 5 includes a counterweight 56 at the rear part
of the upper slewing body 52 to balance the weight of the
machine body. A slewing hydraulic motor 62 (see FIG. 2) is
connected between the lower traveling body 51 and the
upper slewing body 52 via a decelerator (not shown), for
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example. Driving the slewing hydraulic motor 62 allows the
upper slewing body 52 to slew relative to the lower traveling
body 51.

The front working machine 53 includes a boom 53A that
is pivotally attached to the upper slewing body 52, an arm
53B that is pivotally attached to the distal end of the boom
53A, and a bucket 53C that is pivotally attached to the arm
53B.

The boom 53A is operated by a hydraulic boom cylinder
53a mounted between the boom 53 A and the upper slewing
body 52. The arm 53B is operated by a hydraulic arm
cylinder 535 mounted between the boom 53A and the arm
53B. The bucket 53C is operated by a hydraulic bucket
cylinder 53¢ mounted between the arm 53B and the bucket
53C. Hereinafter, at least one operation of the boom 53A, the
arm 53B, and the bucket 53C is referred to as a front
operation of the front working machine 53.

As shown in FIG. 2, the work machine 5 of the present
embodiment further includes an engine 65, a hydraulic
pump 64 connected to the engine 65, and a control valve 63
connected to the hydraulic pump 64. The hydraulic pump 64
is driven by the output of the engine 65 and boosts the
pressure of the hydraulic oil supplied from a hydraulic oil
tank (not shown). The hydraulic pump 64 is connected to the
control valve 63 so that the hydraulic fluid boosted by the
hydraulic pump 64 flows to the control valve 63.

An operation controller 67 is electrically connected to the
control valve 63, the hydraulic pump 64, and the engine 65.
In response to an instruction caused by the manipulation
with a manipulation device 68 by the operator, the control
valve 63 distributes the hydraulic oil (pressure oil) required
for the traveling operation of the lower traveling body 51,
the slewing operation of the upper slewing body 52, and the
front operation by the front working machine 53 via the
operation controller 67 to control their operations.

Specifically, the control signal from the operation con-
troller 67 controls the switching direction of the control
valve 63, its opening/closing timing, and the valve opening
degree. The control signal from the operation controller 67
also controls the discharge amount of the hydraulic oil of the
hydraulic pump 64. The control signal from the operation
controller 67 to the engine 65 controls the driving start and
stop of the engine 65 and the number of revolutions of the
engine 65. In this way, the operation controller 67 controls
the actuators of the work machine 5, including the boom
cylinder 53a, the arm cylinder 535, the bucket cylinder 53¢,
the traveling hydraulic motor 61, and the slewing hydraulic
motor 62, about their supplying direction of the hydraulic
oil, supplying start and stop, and the flow rate of the supplied
hydraulic oil.

In the present embodiment, the manipulation device 68
includes a manipulation lever (not shown) and a gate lock
lever 69 that the operator manipulates, and is a device
manipulated by the operator. The operation controller 67
generates the above-stated control signals in accordance
with the displacement with the manipulation device 68 to
operate the work machine 5. The operation controller 67
may control the work machine 5 automatically, based on the
input from an input device (not shown) as well as a control
program, for example. In this embodiment, the operation
controller 67 and an alarm controller 70A described later
constitute a controller 7 of the work machine 5.

In the manipulation device 68, the gate lock lever 69 is
installed inside the cabin 54 and is manipulated by the
operator. The gate lock lever 69 of the present embodiment
may be displaced up and down. When the operator manipu-
lates the manipulation lever (not shown) with the gate lock
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lever 69 down (unlocked), the operator is allowed to perform
traveling, slewing, and front operations of the work machine
5. When the gate lock lever 69 is up (locked), the operator
is not allowed to perform traveling, slewing and front
operations of the work machine 5 with the manipulation
lever.

FIG. 3 describes the region to be detected by an identi-
fication information recognition device 41 of the work
machine 5 shown in FIG. 1. In this embodiment, the work
machine 5 further includes the identification information
recognition device 41 and an alarm generator 42. The
identification information recognition device 41 recognizes
a person near the work machine 5 (specifically, a worker in
a predetermined region R shown in FIG. 3), and is installed
at the body of the work machine 5. In this embodiment, the
work machine 5 includes a single identification information
recognition device 41. The number of the identification
information recognition device 41 is not limited and may be
one or more, as long as it can recognize the presence of a
worker in the predetermined region R of the work machine
5. As shown in FIG. 3, the predetermined region R in the
present embodiment is within a circumference away from
the work machine 5 by a certain distance. In the following
description, a worker whose identification information is
recognized may be referred to as a “person.”

Note that the identification information recognition
device 41 is not limited about its device configuration, as
long as it recognizes the identification information of a
person who entered the predetermined region R around the
work machine 5. In the present embodiment, the identifica-
tion information recognition device 41 may be an RFID
reader provided in the work machine 5, and each worker in
the work site may carry an RFID tag for specifying their
individual identification information. When a worker
approaches the work machine 5, the identification informa-
tion recognition device 41 recognizes the identification
information of the worker via a communication between the
RFID tag and the RFID reader. In other examples, the
identification information recognition device 41 may
include an imaging device (camera) and an image processor
to distinguish between persons by recognizing the face of a
person including a worker who enters the predetermined
region, or by recognizing the way a person walks in the
predetermined region, and assign a number to each person
for their identification information.

The identification information recognition device 41 is
adapted to recognize persons who are close to the work
machine 5 (for example, inside the slewing radius of the
work machine 5 (hydraulic excavator)), and not to recognize
persons who are far away from the work machine 5. For
example, when an RFID reader and an RFID tag are used for
the identification information recognition device 41, the
identification information recognition device 41 is set so as
to, when the strength of the radio wave of each RFID tag
received by the RFID reader is equal to or less than a
predetermined value, determine that there is a person outside
the predetermined range and not to recognize the person.
When an imaging device is used for the identification
information recognition device 41, the identification infor-
mation recognition device 41 is set so that a person who
appears smaller than a predetermined range in the captured
image is not recognized.

The alarm generator 42 generates an alarm to a person
near the work machine 5, and one or more alarm generators
42 may be installed. In one example, the alarm generator 42
is a speaker that generates sound or voice toward the
periphery of the work machine 5. In another example, the
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alarm generator 42 may be installed inside the cabin 54 to
generate an alarm to the operator. In addition to the alarm
generator 42, the operator or the workers may carry an alarm
device that generates a similar alarm with sound or vibra-
tion.

FIG. 4 is a block diagram of an alarm controller 70A that
constitutes the work machine 5 according to the first
embodiment, and the alarm controller 70A controls the
alarm generator 42. As shown in FIG. 4, the controller 7 in
this embodiment further includes the alarm controller 70A
that performs process based on the identification information
recognized by the identification information recognition
device 41.

In the present embodiment and the following embodi-
ments, when a person enters the predetermined region R
under the condition that the work machine 5 is ready for
operation, the alarm controller 70A counts the number of
times the person enters the predetermined region R as the
number of approaches for each person distinguished with the
identification information. The alarm controller 70A then
controls the work machine 5 based on the counted number
of approaches in accordance with the identification infor-
mation of the person who is in the predetermined region R.

In the present embodiment and the second embodiment
shown below, controlling the work machine 5 includes
controlling an alarm by the alarm generator 42. In the third
through sixth embodiments described later, controlling the
work machine 5 includes limiting (changing) the operating
speed of the work machine 5. Specifically, in the third and
fourth embodiments, controlling the work machine 5
includes reducing the operating speed of the work machine
5. In the fifth and sixth embodiments, controlling the work
machine 5 includes stopping the operation of the work
machine 5. In the seventh embodiment, controlling the work
machine 5 includes selecting the way of controlling an alarm
of the alarm generator 42 and the way of limiting the
operating speed of the work machine 5. Note that, in this
description, limiting the operating speed of the work
machine 5 includes stopping the operation of the work
machine 5 (i.e., setting the operating speed at 0).

To control the work machine 5, the alarm controller 70A
in this embodiment controls the alarm of the alarm generator
42 based on the counted number of approaches. More
specifically, to control the work machine 5, the alarm
controller 70A controls the alarm generator 42 so that the
alarm becomes larger as the number of approaches
increases. In the following embodiments, the alarm becomes
larger as the number of approaches increases. In another
example, the alarm may be controlled so that the range of the
alarm sound becomes higher or the content of the alarm is
changed as the number of approaches increases.

Specifically, the alarm controller 70A includes a counter
71, a setting unit 72, a determination unit 73, and an alarm
control unit 74. In the present embodiment, when a person
enters the predetermined region R as stated above under the
condition that the work machine 5 is ready for operation, the
counter 71 counts the number of times the person enters the
predetermined region R as the number of approaches for
each person distinguished with the identification informa-
tion.

In the present embodiment, the condition that the work
machine 5 is ready for operation means that the gate lock
lever 69 is down. When this condition is satisfied, the work
machine 5 may operate. Therefore, when a person
approaches the work machine 5 (i.e., entered the predeter-
mined region R) after this condition is satisfied, the counter
71 counts the number of times (hereinafter referred to as the
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“number of approaches™) the person approached the work
machine 5 in the past for each person distinguished with the
identification information, and stores this number of
approaches.

Specifically, while setting the duration from the entrance
of a person in the predetermined region R to the leaving the
predetermined region R once, the counter 71 reads the stored
number of approaches in the past and adds one to this
number of approaches, and updates the value obtained by
adding one as a new number of approaches for storing. At
the timing when the number of approaches is updated, the
counter 71 outputs the updated number of approaches to the
determination unit 73.

In this embodiment, the counter 71 outputs, for each of the
persons who are near the work machine 5 (entered the
predetermined region R), their identification information
and the counted number of approaches in accordance with
the identification information to the determination unit 73.
Note that, when the gate lock lever 69 is up or there is no
person nearby, the counter 71 outputs “None” for the iden-
tification information and “0” for the number of approaches
to the determination unit 73.

FIG. 5 is a flowchart of the process by the counter 71. In
step S101, the process determines the state of the gate lock
lever 69. In step S101, when the gate lock lever 69 is down,
the process determines that the work machine 5 is ready for
operation, and the process proceeds to step S102. When the
gate lock lever 69 is up, the process determines that the work
machine 5 is not ready for operation, and the process
proceeds to step S107.

In step S102, the process determines whether there is a
person near the work machine 5 (i.e., whether there is a
person in the predetermined region R). This determination is
performed by checking whether the identification informa-
tion recognition device 41 outputs identification information
or not. When the identification information recognition
device 41 outputs identification information, the process
determines that there is a person near the work machine 5,
and the process proceeds to step S103. When the identifi-
cation information recognition device 41 does not output
identification information, the process determines that there
is no person nearby and the process proceeds to step S107.

In step S103, the process determines whether the person
recognized by the identification information recognition
device 41 was near the work machine 5 before one control
cycle of the alarm controller 70A (i.e., whether the recog-
nized person has been continuously in the predetermined
region R or not). The one control cycle is the calculation
cycle of the controller 7, which is a cycle on the order of ms
(milliseconds). The same person may continuously stay near
the work machine 5, and this step S103 prevents the number
of approaches from continuously increasing due to that
person.

Specifically, it is determined in step S103 that the recog-
nized person was not nearby before one control cycle, the
process proceeds to step S104. In step S104, the number of
approaches corresponding to the identification information
of that person is increased by 1, and the process proceeds to
step S105. It is determined in step S103 that the recognized
person was nearby also before one control cycle, the process
skips step S104 and proceeds to step S105.

In step S105, the process checks whether the identifica-
tion information recognition device 41 outputs other infor-
mation to determine whether another person is near the work
machine. If the determination result shows the presence of
another person, the process returns to step S103. If not, the
process proceeds to step S106. In other words, the process
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performs from step S103 to step S104 for all the persons in
the predetermined region R recognized by the identification
information recognition device 41. This enables counting of
the number of approaches, that is, the number of times each
person, distinguished with identification information,
entered the predetermined region R. In step S106, the
process outputs identification information on all the persons
near the work machine 5 associated with their numbers of
approaches to the determination unit 73. In S107, the
process outputs “None” as the identification information and
“0” as the number of approaches. Note that the counter 71
repeats a series of these steps, and so counts the number of
approaches in real time.

FIG. 6 shows the magnitude of an alarm versus the
number of approaches, set by the setting unit 72 shown in
FIG. 4. As shown in the table of FIG. 6, the setting unit 72
sets the relationship between the number of approaches
counted by the counter 71 and the magnitude of an alarm
generated by the alarm generator 42.

Specifically, the setting unit 72 does not make the alarm
generator 42 generate an alarm when the number of
approaches is zero, and sets a larger alarm as the number of
approaches increases. In one example, the setting unit 72 of
the present embodiment sets the magnitude of alarm: a small
alarm for small numbers of approaches (e.g., the number of
approaches is 1 to 3); a medium level of alarm for the
numbers of approaches in a medium level (e.g., the number
of approaches is 4 to 8); and a large alarm for large numbers
of approaches (e.g., the number of approaches is 9 or more).

In this embodiment, the setting unit 72 sets the range of
the number of approaches. This sets the magnitude of alarm
so that the alarm becomes larger in a stepwise manner with
an increase in the number of approaches. In another embodi-
ment, the magnitude of alarm may be set so that it gradually
becomes larger with an increase in the number of
approaches.

The determination unit 73 reads the relationship between
the number of approaches and the magnitude of the alarm set
by the setting unit 72 based on the number of approaches
counted by the counter 71, and determines the way of
controlling the work machine 5. To determine the alarm
magnitude, the determination unit 73 in the present embodi-
ment reads the alarm magnitude set by the setting unit 72
based on the highest number of approaches (the maximum
number of approaches) among the number of approaches
counted in accordance with a plurality of pieces of identi-
fication information from the counter 71. For example, when
the maximum value of the number of approaches is 0, this
means that there is no person near the work machine 5. Then,
the determination unit 73 determines that no alarm is gen-
erated based on the relationship shown in FIG. 6. For other
cases, the determination unit 73 determines the magnitude of
alarm as follows, that is, for a maximum value of the number
of approaches in a small range, the determination unit 73
sets a small alarm, for a maximum value of the number of
approaches in a medium range, the determination unit 73
sets a large alarm, and for a maximum value of the number
of'approaches in a large range, the determination unit 73 sets
a much larger alarm.

The alarm control unit 74 generates a control signal
according to the magnitude of the alarm determined by the
determination unit 73, and outputs the control signal to the
alarm generator 42. This allows the alarm generator 42 to
generate no alarm when the maximum number of
approaches is zero (i.e., when there is no person nearby), and
generate a larger alarm as the maximum number of
approaches increases. In this way, if the persons near the
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work machine 5 include a person (careless person) who has
approached the work machine frequently, a larger alarm will
be generated for attracting their attention strongly. In con-
trast, when all the persons nearby have approached the work
machine a small number of times, the magnitude of the
alarm is reduced. As such, the present embodiment elimi-
nates the inconvenience from the operator of the work
machine 5 as much as possible while deterring a contact
between the work machine 5 and other persons (workers),
and suppresses a decrease in productivity of the work
machine 5.

FIG. 7 shows a modified example of the setting unit 72 of
FIG. 6. As shown in FIG. 7, the setting unit 72 sets whether
or not to generate an alarm so that an alarm is generated
when the number of approaches counted by the counter 71
is a predetermined number or more. Specifically, in one
example, the setting unit 72 of the present embodiment sets
the alarm: no alarm is generated for small numbers of
approaches (e.g., the number of approaches is less than 4);
and alarm is generated for numbers of approaches in a
medium level and for large numbers of approaches (e.g., the
number of approaches is 4 or more). With this configuration,
the determination unit 73 determines to generate an alarm
when the maximum number of approaches output by the
counter 71 is a predetermined number or more, and the
alarm control unit 74 generates a control signal according to
the determination by the determination unit 73 about
whether or not to generate an alarm, and outputs the control
signal to the alarm generator 42.

This modified example also allows the alarm generator 42
not to generate an alarm if there is no person (careless
person) who has the counted number of approaches more
than the predetermined value, and if not, the alarm generator
42 to generate an alarm.

Second Embodiment

Referring next to FIGS. 8 to 11, the following describes
a work machine 5 that is a second embodiment of the present
invention. The work machine 5 of this embodiment is
different from the first embodiment in that the identification
information recognition device 41 measures the approach
distance, and the alarm controller 70A controls the alarm of
the alarm generator 42 based on the number of approaches
and the approach distance. The other configurations are the
same as in the first embodiment, and their detailed descrip-
tions are omitted.

FIG. 8 is a block diagram of an alarm controller 70A of
a work machine according to the second embodiment. In the
present embodiment, the work machine 5 includes a distance
measurement device that measures the approach distance of
a person from the work machine 5 when they enter the
region and approach the work machine 5. In the present
embodiment, the identification information recognition
device 41 measures the approach distance, meaning that the
identification information recognition device 41 doubles as
the distance measurement device. The approach distance is
the distance from the work machine 5 (specifically, the
identification information recognition device 41) to the
person who is in the region.

Specifically, the identification information recognition
device 41 recognizes the identification information of a
person who is near the work machine 5, and also estimates
the approach distance between the person whose identifica-
tion information is recognized and the work machine 5. The
identification information recognition device 41 associates
the estimated approach distance with the identification infor-
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mation of the person and outputs it to the determination unit
73. In one example, the identification information recogni-
tion device 41 may include a RFID reader. In this case, the
RFID reader estimates the approach distance based on the
strength of the radio waves generated by the RFID tag
carried by a worker. In another example, the identification
information recognition device 41 may include a stereo
camera and an image processor. In this case, the identifica-
tion information recognition device 41 estimates the
approach distance from the parallax of the stereo camera.

To control the work machine 5, the alarm controller 70A
in this embodiment controls the alarm of the alarm generator
42 based on the number of approaches of each person who
entered predetermined regions R1 to R3 and their approach
distances. Specifically, to control the work machine 5, the
alarm controller 70 A of the present embodiment controls the
alarm generator 42 so that the alarm becomes larger as the
number of approaches increases or the approach distance
shortens. Referring to FIGS. 9 and 10, the details are
described below.

FIG. 9 describes the regions set by the setting unit 72
according to the second embodiment, and FIG. 10 shows the
relationship between the number of approaches and the
approach distance, and the magnitude of alarm set by the
setting unit 72 shown in FIG. 9. Specifically, as shown in the
table of FIG. 10, the setting unit 72 of the present embodi-
ment sets the magnitude of alarm generated by the alarm
generator 42 based on the number of approaches and the
approach distance.

In this embodiment, when the number of approaches is
zero, the setting unit 72 sets so that no alarm is generated by
the alarm generator 42. Then, the setting unit 72 sets so that
the alarm becomes larger as the number of approaches
increases or the approach distance shortens.

When a person enters a circular region R1 shown in FIG.
9 (e.g., the approach distance is within 1.5 m), the present
embodiment determines that the approach distance is “very
short”. When a person enters a circular region R2 adjacent
to region R1 (e.g., the approach distance exceeds 1.5 m and
is within 3 m), the present embodiment determines that the
approach distance is “short”. When a person enters a circular
region R3 adjacent to region R2 relative to the swiveling
radius of the hydraulic excavator, for example (e.g., the
approach distance exceeds 3 m and is within 5 m), the
present embodiment determines that the approach distance is
“normal”.

In accordance with these ranges of the approach distance
and the ranges of the number of approaches described above,
the setting unit 72 sets the magnitude of the alarm generated
by the alarm generator 42, as shown in FIG. 10. In the
present embodiment, the counter 71 counts the number of
approaches of a person who enters the regions in association
with the identification information of the person.

The determination unit 73 determines whether a person is
near the work machine 5 based on the approach distance
estimated by the identification information recognition
device 41. Specifically, at the timing of executing steps S102
and S105 in FIG. 5 by the counter 71, the determination unit
73 determines in which range of FIG. 10 the approach
distance estimated by the identification information recog-
nition device 41 is. Then, the determination unit 73 deter-
mines the magnitude of the alarm based on the number of
approaches and the approach distance for each person who
entered the regions R1 to R3 in accordance with the table of
FIG. 10.

Furthermore, when a plurality of persons entered the
predetermined regions R1 to R3, the determination unit 73
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of the present embodiment determines the magnitude of the
alarm for each of the plurality of persons based on the
number of approaches and the approach distance for the
person who is in the regions. Specifically, at the timing of
executing step S102 and step S105 in FIG. 5 by the counter
71, the determination unit 73 determines the magnitude of
the alarm for all the persons who entered the regions R1 to
R3. Based on the determination result, the determination
unit 73 then selects the alarm with the largest magnitude
among the plurality of determined alarms, and determines
that the alarm generator 42 generates the alarm with the
selected magnitude. For example, a first person with a small
number of approaches and a short approach distance is
determined to correspond to a small alarm, and a second
person with a large number of approaches and a normal
approach distance is determined to correspond to a medium
alarm. In this case, the determination unit 73 selects the
second person and determines that the magnitude of the
alarm to be generated by the alarm generator 42 is medium.

The alarm control unit 74 generates a control signal
according to the magnitude of the alarm determined by the
determination unit 73, and outputs the control signal to the
alarm generator 42. In this way, this embodiment changes
the magnitude of the alarm of the alarm generator 42 while
further adding the approach distance to the number of
approaches, thus avoiding a contact between the work
machine 5 and a person more reliably. Further, if a plurality
of persons enter the predetermined regions R1 to R3, the
alarm generator 42 may generate an alarm with the magni-
tude corresponding to the person who is most likely to come
into contact with the work machine 5.

FIG. 11 shows a modified example of the setting unit 72
of FIG. 8. As shown in FIG. 11, this modified example sets
whether or not to generate an alarm based on the number of
approaches and the approach distance. Specifically, the
setting unit 72 sets alarm “No” for a person who has a small
number of approaches and a normal or short approach
distance and for a person who has a medium number of
approaches and a normal approach distance, because they
are careful persons. In contrast, the setting unit 72 sets alarm
“Yes” for a person who entered the predetermined regions
R1 to R3 the other numbers of times because they are
careless persons.

In this way, when a plurality of persons entered the
predetermined regions R1 to R3, the determination unit 73
determines whether or not to generate an alarm for each of
the plurality of persons, based on the number of approaches
and the approach distance for the person. Then, when the
determination unit 73 determines that an alarm is to be
generated even for one of the plurality of persons, the
determination unit 73 determines to generate an alarm, and
the alarm control unit 74 generates a control signal accord-
ing to the determination by the determination unit 73 about
whether or not to generate an alarm, and outputs the control
signal to the alarm generator 42.

This modified example also controls whether or not to
generate an alarm by the alarm generator 42 while further
adding the approach distance to the number of approaches,
thus avoiding a contact between the work machine 5 and a
person more reliably. Further, if a plurality of persons
entered the predetermined regions R1 to R3, the alarm
generator 42 generates an alarm corresponding to the person
who is most likely to come into contact with the work
machine 5. In both the first and second embodiments, when
the identification information recognition device 41 does not
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recognize any person in the predetermined region(s), the
alarm controller 70A cancels the alarm by the alarm gen-
erator 42.

Third Embodiment

Referring next to FIGS. 12 to 14, the following describes
a work machine 5 that is a third embodiment of the present
invention. The work machine 5 of this embodiment is
different from the first embodiment in that, instead of the
alarm generator 42 and the alarm controller 70A, it includes
a limit controller 70B that limits (changes) the operating
speed of the work machine 5. The other configurations are
the same as in the first embodiment, and their detailed
descriptions are omitted. FIG. 12 is a block diagram of the
work machine according to the third embodiment. FIG. 13
is a block diagram of the controller 7 of the work machine
5 in FIG. 12. FIG. 14 shows the relationship between the
reduction in operating speed of the work machine 5 and the
number of approaches, set by the setting unit shown in FIG.

The present embodiment is the same as the first embodi-
ment in that the limit controller 70B controls the work
machine 5: as shown in FIG. 14, the limit controller 70B
limits the operating speed of the work machine 5 via the
operation controller 67 based on the number of approaches.
The limit controller 70B of the present embodiment slows
down the operating speed of the work machine 5 via the
operation controller 67 as the number of approaches
increases.

Specifically, the limit controller 70B issues an instruction
to the operation controller (specifically, the engine control-
ler) 67 to reduce the number of revolutions of the engine 65,
thus reducing the operating speed of the work machine 5. In
addition, the limit controller 70B may issue an instruction to
the operation controller 67 (specifically the valve controller)
to reduce the flow rate of hydraulic oil to the control valve
63 that controls traveling, slewing and front operations, thus
reducing the operating speed of the work machine 5.

As shown in FIG. 13, specifically, the limit controller 70B
includes a counter 71 having the same function as in the
alarm controller 70A according to the first embodiment. In
the present embodiment, the limit controller 70B further
includes a setting unit 72, a determination unit 73, and an
operating speed reduce unit 75.

As shown in FIG. 14, the setting unit 72 of the present
embodiment sets the relationship between the number of
approaches counted by the counter 71 and the magnitude of
the reduction in the operating speed of the work machine 5.
Specifically, the setting unit 72 sets no reduction of the
operating speed of the work machine 5 when the number of
approaches is 0, and increases the reduction in operating
speed to slow down the operating speed of the work machine
5 as the number of approaches increases. Specifically, in one
example, the present embodiment sets a small reduction in
operating speed of the work machine 5 in the range of small
numbers of approaches, sets a medium level of reduction of
the operating speed in the range of a medium level of the
numbers of approaches, and sets a large reduction in the
range of large numbers of approaches. This reduction in the
operating speed of the work machine 5 matches the oper-
ating speed of the work machine 5 that operates in response
to predetermined manipulations with the manipulation
device 68 of the work machine 5. The reduction in operating
speed of the work machine 5 may be set so that the operating
speed is constant for each set range of numbers of
approaches (small (a few), medium, and large (many)), or
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the reduction may be set so that the operating speed is the
value obtained by multiplying the speed controlled in accor-
dance with the manipulation with the manipulation device
68 of the work machine 5 by a predetermined ratio (a ratio
of 1 or less).

In this embodiment, as shown in FIG. 14, the setting unit
72 sets the range of the number of approaches. This sets the
reduction in operating speed so that the operating speed of
the work machine 5 slows down in a stepwise manner with
an increase in the number of approaches. In another embodi-
ment, the setting unit 72 may set the reduction in operating
speed so that it gradually increases with an increase in the
number of approaches.

The determination unit 73 reads the relationship between
the number of approaches and the magnitude of the reduc-
tion set by the setting unit 72 based on the number of
approaches counted by the counter 71, and determines the
way of controlling the work machine 5. When a plurality of
persons entered the predetermined region R, the determina-
tion unit 73 of the present embodiment determines the
reduction in operating speed based on the largest number of
approaches (maximum value of the number of approaches)
among the number of approaches for the plurality of per-
sons.

For example, when the maximum value of the number of
approaches is 0, this means that there is no person near the
work machine 5. Then, the determination unit 73 determines
that this is the case of no reduction not to limit the operating
speed of the work machine 5 based on the relationship
shown in FIG. 14. For other cases, the determination unit 73
determines the magnitude of reduction as follows, that is, for
a smaller maximum value of the number of approaches, the
determination unit 73 sets a small reduction, for a maximum
value of the number of approaches in a medium range, the
determination unit 73 sets a medium level of reduction, and
for a larger maximum value of the number of approaches,
the determination unit 73 sets a larger reduction.

The operating speed reduce unit 75 generates a control
signal according to the magnitude of the reduction deter-
mined by the determination unit 73, and outputs the control
signal to the operation controller 67. This allows the opera-
tion controller 67 to control the operating speed of the work
machine 5 so as not to limit the operating speed of the work
machine 5 when the maximum number of approaches is zero
(i.e., when there is no person nearby), and to slow down the
operating speed of the work machine 5 as the maximum
number of approaches increases. To slow down the operat-
ing speed of the work machine 5, the operating speed reduce
unit 75 controls to reduce the number of revolutions of the
engine 65 or reduce the flow rate of hydraulic fluid to the
control valve 63 or each actuator via the operation controller
67 as described above.

In this way, if the persons near the work machine 5
include a person (careless person) who has approached the
work machine frequently, this embodiment slows down the
operating speed of the work machine 5 to avoid a contact of
the person with the work machine 5. When all the persons
have a small number of approaches, this embodiment sets a
small reduction in operating speed of the work machine 5,
thus eliminating inconvenience from the operator of the
work machine 5 and suppressing the loss of productivity of
the work machine 5.

In a modified example of the present embodiment, the
limit controller 70B may set so as to slow down the
operating speed when the number of approaches output by
the counter 71 exceeds a predetermined value. Further, after
the number of approaches output by the counter 71 reaches
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the predetermined number, the limit controller 70B may
slow down the operating speed of the work machine 5 as the
number of approaches increases.

Fourth Embodiment

Referring next to FIGS. 15 and 16, the following
describes a work machine 5 that is a fourth embodiment of
the present invention. The work machine 5 of this embodi-
ment is different from the third embodiment in that the
identification information recognition device 41 measures
the approach distance, and the limit controller 70B limits
(changes) the operating speed of the work machine 5 based
on the number of approaches and the approach distance. The
other configurations are the same as in the third embodi-
ment, and their detailed descriptions are omitted.

FIG. 15 is a block diagram of the controller 7 of the work
machine 5 according to the fourth embodiment. In the
present embodiment, the work machine 5 includes a distance
measurement device that measures the approach distance of
a person from the work machine 5 when they enter the
region and approach the work machine 5. In the present
embodiment, the identification information recognition
device 41 measures the approach distance, meaning that the
identification information recognition device 41 doubles as
the distance measurement device, and the present embodi-
ment is the same in this respect as the identification infor-
mation recognition device 41 of the work machine 5 in the
second embodiment. Note here that the approach distance is
the distance from the work machine 5 (specifically, the
identification information recognition device 41) to the
person who is in the region.

To control the work machine 5, the limit controller 70B in
this embodiment controls the operating speed of the work
machine 5 based on the number of approaches of each
person who entered predetermined regions R1 to R3 and
their approach distances. More specifically, the limit con-
troller 70B slows down the operating speed of the work
machine 5 as the number of approaches increases or the
approach distance shortens. Referring to FIG. 16, the details
are described below.

FIG. 16 shows the reduction in operating speed of the
work machine 5 versus the number of approaches and the
approach distance, set by the setting unit 72 shown in FIG.
15. As shown in the table of FIG. 16, the setting unit 72 of
the present embodiment sets the reduction in operating
speed of the work machine 5 based on the number of
approaches and the approach distance.

Specifically, when the number of approaches is zero, the
setting unit 72 sets so as not to limit the operating speed of
the work machine 5. Then, the setting unit 72 sets so that the
reduction in operating speed of the work machine 5
increases as the number of approaches increases or the
approach distance shortens. As shown in FIG. 16, the setting
unit 72 of the present embodiment sets, together with the
range of approach distances and the range of number of
approaches described in the second embodiment, the reduc-
tion in operating speed of the work machine 5. In the present
embodiment, the counter 71 counts the number of
approaches of a person who enters the regions in association
with the identification information of the person.

Similarly to the second embodiment, the determination
unit 73 determines in which range of FIG. 16 the approach
distance estimated by the identification information recog-
nition device 41 is. Then, the determination unit 73 deter-
mines the reduction in operating speed based on the number
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of approaches and the approach distance for each person
who entered the regions R1 to R3 in accordance with the
table of FIG. 16.

Furthermore, when a plurality of persons entered the
predetermined regions R1 to R3, the determination unit 73
of the present embodiment determines the reduction in
operating speed of the work machine 5 for each of the
plurality of persons based on the number of approaches and
the approach distance for the person who is in the region.
More specifically, the determination unit 73 determines the
reduction in operating speed for each person who entered the
regions R1 to R3 in accordance with FIG. 16. Then, based
on the determination result, the determination unit 73 selects
the largest reduction among the plurality of determined
reductions. For example, a first person with a small number
of'approaches and a short approach distance is determined to
correspond to a small reduction, and a second person with a
large number of approaches and a normal approach distance
is determined to correspond to a medium reduction. In this
case, the determination unit 73 selects the second person and
determines that the reduction in operating speed of the work
machine 5 is medium.

The operating speed reduce unit 75 generates a control
signal according to the largest reduction determined by the
determination unit 73, and outputs the control signal to the
operation controller 67. This controls the work machine 5 to
operate at the operating speed of the largest reduction. In this
way, when a plurality of persons entered the predetermined
region R, the determination unit 73 determines the operating
speed for each of the plurality of persons based on the
number of approaches and the approach distance for the
person. Then the work machine 5 is controlled at the slowest
operating speed among the determined operating speeds of
the plurality of persons.

As described above, the present embodiment controls so
that the reduction in operating speed increases (the operating
speed slows down) as the number of approaches increases or
the approach distance shortens. Further, if the persons near
the work machine 5 include a person who has approached
the work machine frequently, this embodiment slows down
the operating speed of the work machine 5 to allow the
operator to easily stop the work machine 5 before the person
comes in contact with the work machine 5. Further, if a
plurality of persons entered the predetermined regions R1 to
R3, the present embodiment limits the operating speed of the
work machine 5 corresponding to the person who is most
likely to come into contact with the work machine 5.

In a modified example of the present embodiment, the
limit controller 70B may set whether or not to limit the
operating speed of the work machine 5 based on the
increased number of approaches and the reduced approach
distance. For example, the setting unit 72 sets not to limit the
operating speed for a person who has a small number of
approaches and a normal or short approach distance and for
a person who has a medium number of approaches and a
normal approach distance, because they are careful persons.
In contrast, the setting unit 72 sets to limit the operating
speed for a person who entered the predetermined regions
R1 to R3 the other numbers of times because they are
careless persons. In both the third and fourth embodiments,
when the identification information recognition device 41
does not recognize any person in the predetermined
region(s), the limit controller 706 cancels the reduction in
operating speed to return the speed to a desired operating
speed with the manipulation device 68.

Fifth Embodiment

Referring next to FIGS. 17 and 18, the following
describes a work machine 5 that is a fifth embodiment of the
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present invention. The work machine 5 of this embodiment
is different from the third embodiment in that the limit
controller 70B includes an operation stop unit 76 instead of
the operating speed reduce unit 75. The other configurations
are the same as in the third embodiment, and their detailed
descriptions are omitted.

The present embodiment is the same as the third embodi-
ment in that the limit controller 70B limits the operation
(changes the operating speed) of the work machine 5: as
shown in FIG. 18, to control the work machine 5, the limit
controller 70B forcibly stops the operation of the work
machine 5 when the number of approaches is a predeter-
mined number or more.

Specifically, the limit controller 70B issues an instruction
to the operation controller (specifically, the engine control-
ler) 67 to stop the engine 65, thus stopping the operation of
the work machine 5. In addition, the limit controller 70B
may issue an instruction to the operation controller 67
(specifically the valve controller) to stop the flow of hydrau-
lic oil to the control valve 63 that controls traveling, slewing
and front operations, thus stopping the operation of the work
machine 5.

Specifically, as shown in FIG. 17, the limit controller 70B
includes a counter 71 having the same function as in the
alarm controller 70A according to the first embodiment. In
the present embodiment, the limit controller 70B further
includes a setting unit 72, a determination unit 73, and an
operation stop unit 76.

As shown in FIG. 18, the setting unit 72 of the present
embodiment sets the relationship between the number of
approaches counted by the counter 71 and the operation
stopping of the work machine 5. Specifically, the setting unit
72 sets so as to stop the operation of the work machine 5
when the number of approaches output by the counter 71 is
a predetermined number or more. In one example, the
setting unit 72 of the present embodiment sets not to stop the
operation of the work machine 5 in the range of the numbers
of approaches that are 0 or small numbers, and sets to stop
the operation of the work machine 5 in the range of medium
and large numbers of approaches.

The determination unit 73 reads the relationship between
the number of approaches and whether or not to stop the
operation set by the setting unit 72 based on the number of
approaches counted by the counter 71, and determines the
way of controlling the work machine 5. When a plurality of
persons entered the predetermined region R, the determina-
tion unit 73 of the present embodiment determines whether
or not to stop the operation based on the largest number of
approaches (maximum value of the number of approaches)
among the number of approaches for the plurality of per-
sons.

For example, when the maximum value of the number of
approaches is 0, this means that there is no person near the
work machine 5. Then, the determination unit 73 determines
not to stop the work machine 5 based on the relationship
shown in FIG. 18. Similarly, when the maximum value of
the number of approaches is small, the determination unit 73
determines not to stop the work machine 5. In contrast, when
the maximum value of the number of approaches is in the
range of medium or large, the determination unit 73 deter-
mines to stop the work machine 5.

The operation stop unit 76 generates a control signal
according to the determination by the determination unit 73
whether or not to stop the work machine 5, and outputs the
control signal to the operation controller 67. This allows the
operation controller 67 not to stop the work machine 5 when
the maximum number of approaches is zero (i.e., when there
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is no person nearby) or when the maximum number of
approaches is small, and to stop the operation of the work
machine 5 when the maximum number of approaches is in
the range of medium or large.

In this way, if the persons near the work machine 5
include a person (careless person) who has approached the
work machine frequently, this embodiment stops the opera-
tion of the work machine 5 to avoid a contact of the person
with the work machine 5. When all the persons have a small
number of approaches, this embodiment does not stop the
operation of the work machine 5, thus eliminating inconve-
nience from the operator of the work machine 5 and sup-
pressing the loss of productivity of the work machine 5.

Sixth Embodiment

Referring next to FIGS. 19 and 20, the following
describes a work machine 5 that is a sixth embodiment of the
present invention. The work machine 5 of this embodiment
is different from the fifth embodiment in that the identifi-
cation information recognition device 41 measures the
approach distance, and the limit controller 70B stops the
operation of the work machine 5 based on the number of
approaches and the approach distance. The other configu-
rations are the same as in the fifth embodiment, and their
detailed descriptions are omitted.

FIG. 19 is a block diagram of the controller 7 of the work
machine 5 according to the sixth embodiment. In the present
embodiment, the work machine 5 includes a distance mea-
surement device that measures the approach distance of a
person from the work machine 5 when they enter the region
and approach the work machine 5. In the present embodi-
ment, the identification information recognition device 41
measures the approach distance, meaning that the identifi-
cation information recognition device 41 doubles as the
distance measurement device, and the present embodiment
is the same in this respect as the identification information
recognition device 41 of the work machine 5 described in the
second and fourth embodiments.

To control the work machine, the limit controller 70B in
this embodiment stops the operation of the work machine 5
based on the number of approaches of each person who
entered predetermined regions R1 to R3 and their approach
distances. FIG. 20 shows setting by the setting unit 72 shown
in FIG. 19 about the number of approaches and the approach
distance versus whether or not to stop the operation of the
work machine 5. Specifically, as shown in the table of FIG.
20, the setting unit 72 sets whether or not to stop the
operation of the work machine 5 based on the number of
approaches and the approach distance.

Specifically, when the number of approaches is zero, the
setting unit 72 sets so as not to stop the operation of the work
machine 5. To control the work machine 5, the setting unit
72 further sets to stop the operation of the work machine 5
based on the increased number of approaches and the
reduced approach distance. As shown in FIG. 20, the setting
unit 72 of the present embodiment sets, together with the
range of approach distances and the range of number of
approaches described in the second and fourth embodi-
ments, whether or not to stop the operation of the work
machine 5. In the present embodiment, the counter 71 counts
the number of approaches of a person who enters the regions
in association with the identification information of the
person.

Similarly to the second embodiment, the determination
unit 73 determines in which range of FIG. 20 the approach
distance estimated by the identification information recog-
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nition device 41 is. Then, the determination unit 73 deter-
mines whether or not to stop the operation of the work
machine 5 based on the number of approaches and the
approach distance for each person who entered the regions
R1 to R3.

Furthermore, when a plurality of persons entered the
predetermined regions R1 to R3, the determination unit 73
of'the present embodiment determines whether or not to stop
the operation of the work machine 5 for each of the plurality
of persons based on the number of approaches and the
approach distance for the person who is in the region. Then,
if the determination unit 73 determines to stop the operation
of the work machine 5 even for one person, then the
determination unit 73 determines to stop the operation of the
work machine 5.

The operation stop unit 76 generates a control signal
according to the determination by the determination unit 73
whether or not to stop the operation, and outputs the control
signal to the operation controller 67 to stop the operation of
the work machine 5. In this way, this embodiment does not
stop the operation when the number of approaches is small
and the approach distance is normal, and stops the operation
when the number of approaches is large or the approach
distance is very short.

If a person having a large number of approaches is in the
normal approach distance from the work machine 5 (within
the predetermined region R3), for example, the present
embodiment stops the operation of the work machine 5 even
when another person having a small number of approaches
is within the predetermined region R3. In this way, the
present embodiment avoids a contact of the other person
with the work machine 5.

Seventh Embodiment

Referring next to FIGS. 21 and 22, the following
describes a work machine 5 that is a seventh embodiment of
the present invention. The work machine 5 of this embodi-
ment is different from the sixth embodiment in that it
includes a limit/alarm controller 70C having both of the
functions of the alarm generator 42 according to the first
embodiment and of the alarm controller 70A and the limit
controller 70B. The other configurations are the same as in
the sixth embodiment, and their detailed descriptions are
omitted.

FIG. 21 is a block diagram of the controller 7 of the work
machine 5 according to the seventh embodiment. In the
present embodiment, the work machine 5 includes a distance
measurement device that measures the approach distance of
a person from the work machine 5 when they enter the
region and approach the work machine 5. In the present
embodiment, the identification information recognition
device 41 measures the approach distance, meaning that the
identification information recognition device 41 doubles as
the distance measurement device, and the present embodi-
ment is the same in this respect as the identification infor-
mation recognition device 41 of the work machine 5 in the
sixth embodiment.

To control the work machine, the limit/alarm controller
70C of the present embodiment sets the magnitude of an
alarm of the alarm generator 42, the amount of reduction in
operating speed of the work machine 5, and whether or not
to stop the operation of the work machine 5 based on the
number of approaches of each person who entered prede-
termined regions R1 to R3 and their approach distances.
Specifically, the present embodiment sets the magnitude of
an alarm of the alarm generator 42, the amount of reduction
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in operating speed of the work machine 5, and whether or
not to stop the operation of the work machine 5 for each
range of the approach distances.

When the approach distance is normal, the present
embodiment sets the magnitude of an alarm of the alarm
generator 42 so that it increases with the number of
approaches. When the approach distance is normal, whether
or not to generate an alarm may be set in accordance with the

increase in number of approaches as shown in FIG. 7. 10

When the approach distance is short, the present embodi-
ment sets the amount of reduction in operating speed of the
work machine 5 so that it increases with the number of
approaches. When the distance of approaches is very short,
this embodiment determines to stop the operation of the
work machine 5. Note that even when the distance of
approaches is very short, this embodiment may determine
not to stop the operation of the work machine 5 if the number
of approaches is small. Further, when the approach distance
is short or the distance of approaches is very short, this 2
embodiment may also set the magnitude of an alarm and
whether or not to generate an alarm as shown in FIGS. 10
and 11.

Similarly to the second embodiment, the determination
unit 73 determines in which range of FIG. 22 the approach
distance estimated by the identification information recog-
nition device 41 is. Then, the determination unit 73 deter-
mines which control shown in FIG. 22 should be performed
based on the number of approaches and the approach
distance for each person who entered the regions R1 to R3.

25

Furthermore, when a plurality of persons entered the
predetermined regions R1 to R3, the determination unit 73
of the present embodiment determines the way of control-
ling for each of the plurality of persons based on the number
of approaches and the approach distance for the person who
is in the region. Then, the determination unit 73 gives
priority to the control in the order of stopping the operation
of the work machine 5, the magnitude of the reduction in the
operation speed of the work machine 5, and the magnitude
of an alarm of the alarm generator 42, and transmits an
instruction to execute the prioritized control to the alarm
control unit 74, the operating speed reduce unit 75, or the
operation stop unit 76. This controls any one of generation
of an alarm by the alarm generator 42, reduction of the
operating speed of the work machine 5, and stopping the
operation of the work machine 5. As such, this embodiment
eliminates the inconvenience from the operator of the work
machine 5 as much as possible while deterring a contact
between the work machine 5 and other workers, and sup-
presses a decrease in productivity of the work machine 5 as
stated above.
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That is a detailed description of the embodiments of the
present invention. The present invention is not limited to the
above-stated embodiments, and the design may be modified
variously without departing from the spirits of the present
invention recited in the claims.
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5 Work machine
7 Controller

41 Identification information recognition device (distance
measurement device)

42 Alarm generator
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The invention claimed is:

1. A work machine comprising:

an identification information recognition device config-
ured to recognize identification information on a person
who enters a predetermined region around the work
machine;

a distance measurement device configured to measure an
approach distance from the work machine of each
person who enters the predetermined region and
approaches the work machine;

an alarm generator that generates an alarm; and

a controller configured to control the work machine,

wherein when a person enters the predetermined region
under the condition that the work machine is ready for
operation, the controller counting the number of times
the person enters the predetermined region as the
number of approaches for each person distinguished
with the identification information,

wherein the controller controls the work machine based
on the counted number of approaches in accordance
with the identification information of the person who is
in the predetermined region and the approach distance
associated with the identification information of the
person who is in the predetermined region,

wherein the controller sets a relationship between the
number of approaches, the approach distance, and a
magnitude of the alarm of the work machine, the
relationship being set so that the magnitude of the
alarm of the work machine is larger as the number of
approaches increases or the approach distance
decreases, and

wherein to control the work machine, the controller
determines the magnitude of the alarm of the work
machine for each person who is in the predetermined
region based on the relationship, selects a largest value
among the magnitudes of the alarm, and controls the
alarm generator according to the largest value.

2. The work machine according to claim 1, wherein to
control the work machine, the controller controls the alarm
generator so as to generate the alarm when the number of
approaches is a predetermined number or more.

3. The work machine according to claim 1, wherein to
control the work machine, the controller controls the alarm
of the alarm generator based on the number of approaches
and the approach distance for each person who enters the
predetermined region.

4. The work machine according to claim 3, wherein to
control the work machine, the controller controls the alarm
generator so as to generate the alarm in accordance with an
increased number of approaches and a decreased approach
distance.

5. The work machine according to claim 1, wherein to
control the work machine, the controller limits an operating
speed of the work machine based on the number of
approaches.

6. The work machine according to claim 5, wherein to
control the work machine, the controller slows down the
operating speed of the work machine with an increase in the
number of approaches.

7. The work machine according to claim 5, wherein to
control the work machine, the controller stops the operation
of the work machine when the number of approaches is a
predetermined number or more.

8. The work machine according to claim 5, wherein to
control the work machine, the controller stops the operation
of the work machine with an increased number of
approaches and a decreased approach distance.
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9. The work machine according to claim 1, wherein to
control the work machine, the controller limits an operating
speed of the work machine based on the number of
approaches and the approach distance for each person who
enters the predetermined region.

10. The work machine according to claim 9, wherein to
control the work machine, the controller slows down the
operating speed of the work machine with an increase in the
number of approaches or a decrease in the approach dis-
tance.

11. The work machine according to claim 1, wherein for
a plurality of persons entering the predetermined region, the
controller controls the work machine based on a largest
number of approaches among the counted numbers of
approaches for the plurality of persons.
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